H3BECTHA
TOMCKOIro OPAEHA OKTABPbCKOF PEBOJIIOIIMU U OPOEHA TPYIAOBOTO
KPACHOI'O 3HAMEHHU NOJIMTEXHHUYECKOTO HMHCTHTYTA rm. C. M. KHPOBA

Tom 296 1976

HEKOTOPDBIE NNYTH MOBbIUEHHA YYBCTBHUTEJIbHOCTH
CIIMHTHJIJISIWHOHHOTIO METOXA
BETATPOHHOHA AE®EKTOCKOINHH

B. H. 'OPBYHOB, A. B. IIOKPOBCHEHH, A. K, TEMHHK

(IIpepcrapreHa HAYYHBIM CEeMHHAPOM HAYUHO-HCCJIEN0BATEIbCKONO HHCTHTYTA
BJISHTPOHHON MHTPOCHOILEHT )

CunH THIIAIHOHEBIH  MeTo OeTaTPOHHON AeheKTOCKOMHH HAaXOJHT BCe
60Jiee MIHPOKOE TIpUMEHEHHe NPH aBTOMAaTHYECKOM KOHTPOJe COJbLIMX TOJ-
wuH Metannaa [i, 2].

‘Bonpocel noBbiilleHHsI YWYBCTBUTEJIBHOCTH METOAAa W HaJeXKHOCTH IOJY-
YeHH AOCTOBEPHBLIX JAHHBIX O HAJHYHH JedeKTa fABJIAIOTCA B Hacrofllee
BpeMs OfpelesolHMI.

‘OnHaKO YyBCTBHTEJBHOCTh M HAJEXHOCTb BO MHOTOM 3aBHCST OT IO-
MeX, BOSHHKAIOIUX B IIPHEMHO-PETHCTPHPYIOLIEM TpaKTe,

Ha ocHoBe Teopunm BEepOATHOCTH H MAaTeMaTHUYECKOH CTATHCTHKH IIPO-
BelleM aHaJu3 (JIYKTyalHOHHBIX SIBJEGHHH B 3JEKTPHYECKHX IENAX CXeMbl
perucTpanuH.

PaccMOTpPUM BO3MOXKHOCTH HOHMIKEHHSI YPOBHSI IIYMOB M CIOCOOBI BBHI-
IeJeHHs CHrHaJsa Ha ypoBHe myMmoB. IllymMbl B ajekTpHueckon cxeMme obpa-
ayiorcsl BeneAcTBHe (AYKTyalu#d TOKa B 3JeKTPOHHHIX JaMmnax (npo6oBoi
stdeKT) U BCJASACTBHE XAOTHYECKOro ABHKEHHSI 3JEKTPOHOB B COMNPOTHBJIE-
HHSIX U JAPYTHX 3JeMeHTaX CXeMbl, KpOME TOro, CaM AETEKTOp fBJIAETCA HC-
toynukom mymoB [1, 2]. Curran c Zetextopa GJYKTYHpPYeT Takke BBHLY
HecTaOUAbHOCTH H3JayueHHs OeratpoHa. lilym mpencrasaser coboit xoseba-
TeJNBHBIN (IPOIECcC, U3MEHSIOUHACA [0 CIaydyadHOMYy 3akOHY BO BpemeHHd. B
PasJHYHBIX 3JEKTPHUYECKHX IENAX BCTPEUAIOTCH (JIYKTyallHOHHBIe KoJeba-
HHUSI, PasjIHYHbIE 110 CBOeH CTPyKType. MaTeMaTHYeCKH HX MOXKHO ONHCaTh
¢ TIOMOILBIO ammapaTta TEOPHH BepOATHOCTefd.

ADyHKIHsT TOMeXH mpecTaBiaser co60H B KaxJAblk MOMeHT t Kakoe-JH-
60 3HaueHHe, XapaKTepU3YIOIllee BEPOSATHOCTHIO MOABJEHHSI €T0 B JAAHHLIA
MoMeHT BpeMeHH. [lns 6Gojee MoOJHOro ONMHCaHHS Hpoliecca B3auUMOJeEHCT-
BHSl CHTHAJIa M NIOMeX BBOAHUTCA B PACCMOTPEHHe JBYXMepHasi BeDOSTHOCTb,
T. €. CJAyuyaiHasi BeJMUHMHA TPHHHMAET B MOMEHT BpeMeHH {; 3HaueHue X,
a B MOMeHT BpeMenu {;——3HaueHue Xg. [IpH H3BECTHOM IBYXMEDHOM 34KO-
He pacnpefiesieHHss BepoATHOCTeH MoxeT OBITH ompejejeHa (QyHKUUS B3a-
HMHO#l Koppesasiuuu no ¢opmyae [4]:

4+ 00 +o00
R{tits) = [ [ xi{ts) - xofts) - Pxixg) dxydxy = x41(ts) - x2(ts)- (1)
— o0 — &
rae Xx;(t;) — 3akOH H3MeHeHHs CHTHa/Jla BO BPEMEHH;
X2 (t3) — 3aKOH W3MeHEeHHs! IIOMEXH BO BpeMeHH;
P (x; Xg) — IByMepHasi MJIOTHOCTb BEPOSITHOCTEH.

DYHKIHS KOPPEKIUHH TpelacTaBjaseT co00i CPENHIOI CTeleHb BeposiT-
Hoc[TH]oﬁ CBA3H MEXMIy TPOUECCAaMH X; H X2 B JiBa MOMEHTa BpeMeHH t; H
to [4].
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CxeMma perucrpanuy, ofecneyuBalollass HAHNYUUIHH TPHEeM CHrHaJjaa
TpH HAJAHYHH IIyMa, HasbiBaercsl ONTHMaabHOH, Takas cxema obecrneuHBaeT
MAaKCHMAJbHYI0 BEPOSITHOCTb HEHCKaXKeHHOro mpHema curHajta. OaHako
CHTHaJ [OJA JIeHCTBHEM IyMa CyLUIeCTBEHHO HCKaXXaeTcs, I03TOMY BO3HHKA-
€T HeonpeleseHHOCTb HPH IpHeMe CHTHaJja.

Hcexoms u3 sToro, onpeneneHHe curHajia o fAedekre NPeACTaB/AET CO-
60l CTAaTUCTHYECKYIO 3aJauy: N0 H3BECTHOMY CHrHaJay Y Ha BbiXOJe Y3HATH
BCe O CHTHaJe X Ha BXOJ€ CXEMH.

MaremaTHueckH 3Ta 3ajfaya 3aK/JH4aeTcsd B ONPEAECJCHHH aloCTepH-
OpHOTO pacmpeneseHusi Bepositiocteil Py(x) [5]. 3710 pacnpenenenue Ha-
XOAHUTCA, KaK NMPaBHJO, ITyTEM aHAJH3a MHOTOYHCJEHHBIX 3KCIIEDHMEHTOB.

QPaKTHYECKH anOCTepHOpPHAs BEPOSATHOCTbL AaeT HaM BCE, UTO MOXKHO y3-
HaTb O CHPHaJe Ha BXOJe CXeMbl perucTpaluH, MO3TOMY B JaJibHedlleM
JaHHYI0 cXeMy OyJeM Ha3bIBaTb HJeaJsbHOM.

Taxxe ompeneasioileli BeJHYHHOH HaJAeXKHOrO IpHeMa CHriajMa #ABJd-
erca BeauunHa Px(Y) — ycioBHOe pacnpene/ieHHe BEpPOATHOCTH TOrO, UTO
NPHHATBHIH CHTHAJM «Y» SIBJSETCS Pe3ysJbTAaTOM HAJOXKEeHHsI TOMeXH Ha BXOJ-
HOHK curHaa X.

Px(Y) MoxHO paccmaTpuBaTb KaK (QYHKUHIO X OpH AAHHOM IIPHHSATOM
curHaje Y, NMpH 3TOM OHa NOKa3biBaeT, KaKOMy IepedaHHOMy cHrHamy X
TipaBaONoA00HEe BCEro COOTBETCTBYET MPUHATHIH CHTHAM «Y».

‘CenoBaTeNbHO, AJs DEUICHHS 3ajJayd npueMa Tpebyercd NPOH3BECTH
‘TAKylo Omepaluio, KoTopas onpeje/ssa Obl QYHKUHIO [1PaBLONOLOOHS

L (x)=Px(Y), (2)

rae L{x) — ¢ynkuuss npasgomonobus.

‘PaccmorpuM cayuait, korga Ha curHaa X(t), cymecTByoiluil B Teue-
Hue BpeMeHH T nmpoxoxkieHusa nedekTa nepefl OKHOM KOJJIHMATOpPa NPHEM-
HHKa H3JyvyeHusl, HaKJaJblBaeTCsl IoMexa B BHIAe «Desoro» wyma

Y () =x(t)+n(t), _ (3)

rae n(t) — 3akOH H3MeHeHHs IIOMeXH BO BpPEMeHH.
Hnst HaxoxAeHust GYHKUHH TpaBAOTIOACOHS, YTO PABHOCHIBHO BBIUUC-
JeHulo BepositTHOCTH Px(Y), Bocmosb3ayemcsa teopemoii KorteabHukosa [3],

KOoTopas onpefeaser QyHkuHIO X (t) yepes ee AMCKPETHLIE 3HAYEHHS BLIYHC-
JIeHHH wepe3 HuTepBaJjb At

1
OF, (4)

rhae Fo — LIMpHHA YaCTOTHOTO CHEKTPpa.
KonunuecTBO AHCKpETHHIX 3HAaueHHH, OTOOpaKAMIIHX NaHHYIO (YHKIHIO
Y(t) na BpemenHoM uHTepBaje T, paBHO
T

At =

TIpumennB TeopeMy yMHOXEHHS M He3aBHCHMBIX COGBITHH K AHCKpeT-
HBIM 3Ha4eHHsM, noaydyaem [6]

L{X) = Py(Y) = [T P5(Y) = (2ray,)FoT-exp X
k=1

x| - & 21vo - xor|. ©)

k=
rie Oom — JHCNEePCHA 1IyMa;

o]
G= —I;E — CNeKTpajbHasi MJIOTHOCTb MOIIHOCTH HIYMa.

0
®yuknus L (X) MakcuMaJjbHa, KOrja NepelaHHbIA H NPHHATLIH CHrHAa-
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JAH COBMANAlOT B HCCIeNyeMOM HHTepBaJje. 3aMEeHHB Mpele/bHYI0 CYMMY B
BhipaXkeHHH (6) HHTErpajioM, pacCMOTPHM COCTABJISIIOLIHE €ro YacTH:

FIY () — X(O]2dt= [ [YO dt + | [X@O)Pdt— 2 YO-X() dt.  (7)
0 0 [¥] 0

[lepBpill HHTerpas XapaKTe€pPH3yeT BeCb NPHHATBIA CHUCHAJ, BTOPOH -—
BeChb MepejaHHBI CHTHaJ, a TPeTHH BhIPA)KaeT B3aUMOCBA3b MeEXAY Hepe-
JaHHBIM M TPUHATBIM curHanamu. [loatomy, yTOOB NOJHOCTBIO OXapakTe-
pu3oBaTb BXOAHOH curHaa X (1) mo nmpunstomy Y (t), Heo6XOAHMO 3HATH,
yTO TPHHATBIA cHrHaa Y () cooTBeTCTBYeT MAHHOMY HMCXOAHOMY CHrHajJy
X(t). Orciona ciaeayer, 4T0 A5 ONpeieseHHss (QYHKIHH NpaBAONoOLo6HsS
L(X) noctaToyHO BBIYHCAHTD HHTErpa.J

g (t) = [ Y()-X()-dt ®)
0

TlonyyeHHOe BhlpaxKeHHe NpeicTaBasieT co6oil aHa/Jor (YHKIHH B3a-
MMHOH KOPPEJALHH MeXIYy NPUHSTHIMH H MEPefaHHbIMH CHTHAJaMH.

Takum o6pa3oM, I/ HaHJAyULIero NpHeMa CHTHaJa JAETEKTOPbl H CXe-
Ma PErHCTPaUHUH JOKHEI OLITb B3aHMOKOPPENHPOBAHHOIO THIA, OJHAKO
KaueCTBO TPHEMA CHJIbHO 3aBUCHT OT BEJUYHHBI CNEKTPAJBHOH NJIOTHOCTH
IyMa, T. €. OTHOLIEHHEe CHIHAJ/IIYM yAy4llaeTcs TP HCNOAb30BAHHH B CXe-
Max 4YacCTOTHBIX (HJBTPOB. PaccMOTpHM YaCTOTHYIO XapaKTEPHCTHKY CO-
rJ1acoOBaHHOTO (uibTpa. CHEKTP NPONYCKAEMbIX YacTOT AJA8 €IHHHYHOTO
cMrHaja onuchiBaertcs ¢opmynon [4]

S(o) = | et at. ©)
0

OnHako npu mperofu3anuu curiana or aedekra nonesnas uHbopma-
UHA COLEPXKHTCH B MOCAENOBATEJbHOCTH HMNyJbcoB. [as omnpeneneHusd
crnekTpa, cocrosimiero H3 N HMIyJbCOB, BOCIOJb3yeMcs JHHEHHOCTbIO Npeol-
pa3opaHus @ypoe [6]:

S(w) = Sg(w) + Sp(w) e=*t + Sp(w) etiel4 .. +

., N—1 . N—1
+ S)e T T 48 0T, (10)
rae
o Tu
sin
So(@) = Tu ——— (11)
2

[Toabsysach ¢OpMy/I0il CyMMBbl TeOMETPHYECKON MNpPOrpeccHH, npeobpa-
3yeM BuipaxeHue (10) [6]:

sin N w’QI‘u
S(w) = S, (“’)—““W . (12)
sin 5

@Popmyna (12) mokasbiBaeT, UTO IpH YBEJHUYEHHH YHCAA HMNYJbCOB N
SHEPrHsl HayHHaeT KOHUEHTPHPOBATbCA BOJH3H YAaCTOT KPaTHHIX ®, MAKCH-
MYMbl 3HePTHH TPHXOJASTCS Ha YaCTOTbl CNEKTPOB ONHHOYHBIX HMIYJbLCOB.
Oco6eHHO HArJASJAHO BHJAEH MEeXaHH3M ONTHMaJbHOK GHUABTpPAaUHH B rpe-
GernuatoM ¢puabtpe [3]. [losockl npo3paynocTH rpeGeHyaroro ¢uabTpa COB-
NafapT ¢ TJaBHBIMH JeNeCTKaMH CIEKTPa NMPSIMOYroJbHOTO HMIYJbCa, MO-
5TOMY OCHOBHASl YaCTb MMITyJbca NPOXOAHT 6€3 HCKaXeHuH. «besbii» wyM,
o6aanalounii paBHOMEDPHBIM CHNEKTPOM, B GOJIbLIMHCTBE CBOEM MNOAAB/AET-
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cd, MO3TOMY Mpolle[luHe yepe3 (UABTP HYaCTH CHTHAJa U IIyMa LieJaecood-
pasHo NMpOCyMMHPOBaTb, TaK KaK 3aKOHBI CYMMHPOBaHHA /s CHIHaJa H
lwyma pasiuyHble. [IpH 3TOM HMIyJbCH II0JIE3HOTO CHTHAJA CYMMHUPYIOTCS
apupMeTHYECKH H pe3yJbTHPYIOUIHA CHTHA/J MMeeT aMIIMTYLy Hanpske-
Hua B N pas 60Jbllyl0, COOTBETCTBEHHO M MOILHOCTh €r0 BO3PacTaer
B N2 pas. Bmecte ¢ TeM pesy/bTHpyIOINAsi aMIUIMTYAA LIYMOB 1O Hampsixe-
HHIO OyZHeT CKJAAbIBAThCH MO CPeJHEKBAaJPATHYHOMY 3aKOHYy u OyleTr pas-

Ha VYN, a, sHauHuT, MOIHOCTb yBeanuutcsa B N pas, B pesyabraTe nmpoBejeH-
HOW onepau¥d CHHXPOHHOTO HAKOIJIEHHS OTHOWIEHHWE CHTHAaJ/IIyM BO3pa-
CTET 0 MOIUIHOCTH B

N=Npas. (13)

Cxa3aHHOe OTHOCHTCSI TOJNIKO K NEPHOAUYECKHM HMIIYJbCaM, 4YTO KakK
pa3 HMeeT MeCTO B Ae(eKTOCKONHH Ha Oa3e GeTaTpOHA M APYTUX YCKOpHUTe-
JAeil. DTO O3HAYaeT, YTO B IIPONYyCKaeMOM (HUABTPOM CIEKTpe YBeJHUHBAaeT-
Csl BKJAJ[ 4aCTOT, IPHXOAAIINXCA Ha JOJOCY YacTOT PErHCTPHPYEMBIX NEepHO-
JHYECKHX HMIyJbCOB, MHBIMH CJOBaMHM, YJydyllaeTcsi COOTHOIUEHHE CHI-
HaJa/iyMm,

[loaBoas UTOTH, NPHXOAUM K CJEAYIOIHM BHIBOAAM:

1. YBeauyeHue OTHOIIEHHS CUrHAaM/IIyM B 6eTaTpPOHHOH NedeKTOCKOMHH
CO CHMHTHJJIAUHOHHBIMH CYETYHKAMH MOXKHO IIOJYYHTb BHIIIEYKA3aHHLIMH
yTAMH.

2. Haubonee mepcneKTHBHHIM NyTeM SfIBASETCH NPHUMEHEHHE B CXeMax
peructpanuy rpe6eHuaThiXx GHJIbTPOB, 06ECHEUHBAIOUIHX BBIUTPHIL B OTHO-
INEHHH CHTHAJ/IUyM B YHCJIO pa3, NIPONOPLHOHAJbHOE BPeMEHH HAKOIJIEHHS.
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